Design and analysis of modular wheelchair for usage of handicap people by Mohd Amin, Mad Saad
 
 
 
 
DESIGN AND ANALYSIS OF MODULAR WHEEL CHAIR FOR USAGE OF 
HANDICAP PEOPLE 
 
 
 
 
 
 
 
 
MOHD AMIN BIN MAD SAAD 
 
 
 
 
 
 
 
 
Thesis submitted in fulfillment of the requirements  
for the award of the degree of  
Bachelor of Mechanical Engineering with Manufacturing Engineering 
 
 
 
 
 
 
 
 
Faculty of Mechanical Engineering 
UNIVERSITI MALAYSIA PAHANG 
 
 
 
 
 
 
 
 
JUNE 2012 
 
 
 
vii 
 
ABSTRACT 
 
 The report begins with a preliminary research of human factor engineering and 
ergonomic study for the design of wheelchair. The main objective of this project is to select 
the best conceptual design using Pugh selection method also use of simulation in analyzing 
the critical part of the wheelchair modeling and evaluating the wheelchair design. The 
projects begin with make a questionnaire survey to the respondent’. From the survey, a 
total of 35 respondents’ has taken part. The survey consists of several parts such as 
personal information, general information of using wheelchair, and the ergonomic of 
wheelchair. The stress evaluation was carried out at lower back, buttock and knee; the 
gathered information through survey was applied in the redesign process. Three sketches 
have been sketched. Based on the sketches, Pugh selection concept has been used to select 
the best design. Next the sketches being draw into SolidWorks software and then go 
through to simulation process by using FEA, the design was analyzed using constant force. 
Improvement of critical parts such as seating support design was compared based on 
material used analysis on Stress Von Mises. At the end, when all the process mentioned 
above is done, the result for report writing is gathered.  
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ABSTRAK 
 
 Laporan ini dimulakan dengan kajian awal kejuruteraan faktor manusi dan kajian 
ergonomic bagi reka bentuk kerusi roda. Objektif utama projek ini adalah untuk memilih 
konsep reka bentuk yang terbaik dengan menggunakan kaedah pemilihan Pugh dan juga 
menggunakan simulasi dalam menganalisis bahagian kritikal pemodelan kerusi roda  dan 
menilai reka bentuk kerusi roda. Projek ini bermula dengan membuat soal kaji selidik 
kepada orang awam. Daripada kaji selidik ini, sebanyak 35 peserta telah mengambil 
bahagian. Kajian ini terdiri daripada beberapa bahagian seperti maklumat peribadi, 
maklumat umum menggunakan kerusi roda, dan ergonomik kerusi roda. Penilaian tekanan 
telah dijalankan dibahagian bahagian belakang, punggung dan lutut; maklumat yang 
dikumpul melalui kaji selidik telah digunakan dalam proses rekaan semula. Tiga lakaran 
telah dilakarkan. Berdasarkan lakaran, konsep pemilihan Pugh telah digunakan untuk 
memilih reka bentuk yang terbaik. Lakaran seterusnya akan dibuat secara detail dengan 
menggunakan perisian SolidWork dan kemudian akan melalui kaedah proses simulasi 
dengan menggunakan FE, reka bentuk telah dianalisis dengan menggunakan daya yng 
tetap. Peningkatan bahagian kritikal seperti reka bentuk sokongan tempat duduk 
berdasarkan analisis terpakai bahan di Stress Von Mises. Pada penghujungnya, apabila 
semua proses yang tersebut di atas dibuat, hasil untuk penulisan laporan dikumpulkan. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
Disable people are really needs the wheelchair in their daily life. This is because a 
wheelchair can be use to move from one place to another place. The wheelchair is designed 
for the disable people to make them easy to move around independently. It contains wheels 
that can be controlled by hand in case of manual wheelchair. Manual wheelchairs can also 
be pushed by another person from behind.  
 
Interest and participation in wheelchair sports has grown over the years and there is 
an ongoing effort amongst different organising bodies to popularise these events further at 
an international level (Burton, 2010). Many researcher has done the research, there have 
been lots of modifications on the purposes of wheelchairs and created the sport wheelchair.  
The design of special sport wheelchair for sport activity must be emphasised accuracy in 
order to ensure comfortable while using it. There are many types of wheelchair has been 
designed, but not at all are fulfil the suitable or comfortable for both user and usage, that is 
the target of this project to design the modular wheelchair for the handicap people in the 
sport activities. 
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1.2 PROBLEM STATEMENT 
 
Like a normal person that needs the leg to walk around, same goes to the handicap 
people to move from one destination to the other destination. The handicap people need 
devices to meet the needs of people with various types of mobility limitations. These 
include for example; various types of manual wheelchairs for people with insufficient 
strength and function too independently. It has some limitation function on the wheelchair 
that need a force to move it, and the user feel not comfortable on the seat and feel tired 
when used the long period wheelchair. That was because the seat comfortable and the 
posture position are not in the good condition. This are involve on the ergonomic that need 
on the designing the wheelchair to give more comfortable to the users. A review of 
wheelchair research within the scope of the wheelchair as a means of daily ambulation is 
presented. The relevance of a combined biomechanical and physiological research 
approach is advocated for enhancing the body of knowledge of wheelchair ergonomics, that 
is, the wheelchair or user interaction in relation to aspects of vehicle mechanics and the 
user’s physical condition.  
 
The main problem of the existing wheelchair for handicap people who went to 
participate in the sport activities is, the existing wheelchair is not really suit to the body 
shape for those who are involves in the sport activity. 
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Figure 1.1: Standard wheelchair and their main components 
 
1.3 OBJECTIVES 
 
The aims of this project are: 
i. To determine criteria required by the wheelchair. 
ii. To improve and analyze the product to optimize the usage for handicap 
people. 
iii. Simulate the altered design using CAD software and CAE software. 
 
1.4 SCOPES OF STUDY 
 
The scopes of this project are: 
i. Maximum weight of handicap people is between 100 kg until 120 kg. 
ii. Design the wheelchair using CAD software (SolidWork). 
iii. Select the best design based analysis using Pugh selection concept and 
simulation using Algor. 
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1.5 EXPECTED OUTCOME 
 
The expected outcomes for this project are: 
i. To come out with project design concept. 
ii. To produce the 3D modelling type and analysis 
iii. To come out with project presentation  
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
 This chapter will discuss about the engineering design, analysis of wheelchair, a 
wheelchair, handicap people including the anthropometry data and the previous journal, 
conferences paper, and thesis similar and related with this objective in this final project 
report.  
 
2.2 DESIGN 
 
2.2.1 Definition of Design 
 
 Design is the idea to plan or to improve the object or system to get the target or 
goal. The design is that area of human experience, skill, and knowledge which is concerned 
with man’s ability to mould his environment to suit his material and spiritual need (Archer, 
1973). A simple design is that everyone involved with its production and use sees nothing 
that looks complicated from his own perspective or convention (Skakoon, 2008). The 
designers should identify the specific problem that are facing and then develop a solution 
that addresses the challenge. This challenge create the designers should be creative process 
to develop a product or system that meet some criteria.  
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2.2.2 Mechanical Engineering Design 
 
 Most engineering designs can be classified as inventions-devices or systems that are 
created by human effort and did not exist before or are improvements over existing devices 
or systems (Khandani, 2005). The innovations or design are not suddenly appearing from 
nowhere, but they are the result of bringing together technologies to meet human needs or 
to solve problems. Mechanical engineering design involves all the disciplines of 
mechanical engineering and design problems are open ended in nature, which means they 
have more than one correct solution.   
 
2.2.3 The Engineering Design Process 
 
 The engineering design process deals with basic operation that are repeated every 
process with a view to seeking opportunities to turn the ideal into reality. The engineering 
design process is usually performed with a view to producing the item needed in the 
shortest time for the highest reliability. The design of a wheelchair depends on a number of 
factors: the physical needs of users; the way and the environment in which the wheelchair 
will be used; and the materials and technology available where the wheelchair is made and 
used.  
 
2.2.4 Design Principles 
 
 Design principles have focused on the technical scientific rules, like in the 
engineering field. Indeed, good engineering design involves many parameters upon which 
the success of the project depends, each of which has its own subset of laws, standards, 
practices, codes and regulations. 
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2.3 ANALYSIS OF WHEELCHAIR 
 
2.3.1 Definition of analysis 
 
 The analysis process is the process of breaking up a concept, proposition, linguistic 
complex, or fact into its simple or ultimate constituents (Audi, 1999). Analysis is the 
evaluation of the relevant information to select the best course of action from among 
various alternatives.  
 
2.3.2 Pugh Selection 
 
 Pugh method analysis (PMA) is useful as a method for determining a course of 
action as well as gaining consensus with a project team (Cervone, 2009). Pugh concept 
selection is a quantitative technique used in engineering for making design decisions but 
can also be used to rank investment options, vendor options, product options or any other 
set of multidimensional entities (Stuart, 1990). Conceptual design is an early stage of the 
product development process which involves the generation of solution concepts to satisfy 
the functional or design requirement of a design problem (Hambali, 2009). Generally, the 
main goal of conceptual design stage is to select the most suitable concept from a number 
of possible options and concern of conceptual design is the generation of physical solutions 
to meet the design specification (Hsu and Woon, 1998) 
 
2.3.3 Software/Equipment 
 
 To complete this project other than use Pugh selection concept, one of the methods 
is used software includes SolidWork® and Algor. SolidWork® 3D CAD software is 
intuitive and enables to develop better products by allowing design. A SOLIDWORKS 
model consists of 3D solid geometry in a part or assembly document. Drawings are created 
from models, or by drafting views in a drawing document. 
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Figure 2.1: The solidworks® 
 
The Algor software represents a very powerful tool to perform a finite element 
analysis. It allows to perform mechanical or structure analysis with basis on the finite 
element method and to arrive to diverse results. Algor analyses are based as mentioned in 
the finite element method. This method helps to predict how an element is going to behave 
under wide variety of conditions can be simulated. Divide the work to a real object into 
millions of small elements which have almost the same shape. Then, the behaviour of each 
element is analyzed by mathematical equations to see how it going to behave. Then, the 
computer joins each of small analyses made to each element, and simulates how they are 
going to behave as a whole element. 
 
 
 
Figure 2.2: The algor 
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2.4 WHEELCHAIR 
 
2.4.1 Definition of Wheelchair 
 
 Wheelchair is a chair with wheels designed to transport a sick, injured, or otherwise 
handicap person from one place to another place. Wheelchair is a most important device 
used for mobility by people for whom walking is difficult or impossible, due to illness or 
disability. Wheelchair designs vary to enable users to safely and effectively use their 
wheelchair in the environment in which they live and work (Armstrong, et al. 2008). 
Wheelchairs are used by those people for whom walking is difficult or impossible due to 
illness like physiological or physical, injury or disability used in sports field. In the case of 
manual chairs, people need to develop upper body strength to control the chair, and they 
also develop techniques for navigating the environment, including methods for wheelchair 
mobility on rough surfaces and inclement conditions. During the injury time, the athletic 
also can do daily activities and doing light exercises to continue their stamina and skills. 
 
2.4.2 Types of Wheelchair 
 
 In the world today, that has many types of wheelchair available in the market. The 
wheelchairs come with different type, function, and shape. Basically the types of 
wheelchair in the market are manual wheelchair, electric powered wheelchair and sport 
wheelchair. Every types of wheelchair have their own function and system. There are 
standard (folding) wheelchairs that fit most general needs and then there are custom (rigid) 
built wheelchairs. 
 
2.4.2.1 Manual Wheelchair 
 
 Manual wheelchairs are wheelchairs that are powered either by the wheelchair user 
or by somebody pushing the wheelchair. Manual wheelchairs that are lightweight are easier 
to manage. Standard wheelchairs are your standard self-propelled option with two large 
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wheels in the back and have smaller wheels in the front. A standard manual wheelchair has 
a cross-brace frame, a mid-to-high-level back, built-in or removable armrests and swing-
away footrests. Some people still prefer this type of wheelchair. 
 
 
 
Figure 2.3: The manual wheelchair 
 
2.4.2.1.1 Standard (Folding) Wheelchairs 
 
 The folding frame types of wheelchairs are just that, a folding X style frame. Most 
frames fold when the locking mechanism is released for folding. Folding wheelchairs also 
have removable foot rests which allow for easy folding. As with anything with moveable 
parts, the folding wheelchair is not as durable as the rigid frame wheelchair. Therefore 
maintenance is required more frequently to keep all parts in good working.  
11 
 
 
  
 
Figure 2.4: The standard (folding) wheelchairs 
 
2.4.2.1.2 Custom (Rigid) Built Wheelchairs 
 
 A rigid frame wheelchair consists of a welded frame on which the individual sits. 
The back of the chair is able to fold down and the wheels can be removed with a quick 
release mechanism to enable easy storage and transportation of the wheelchair. The 
advantages of these types of wheelchairs are that they have fewer moving parts, which 
means they are generally stronger and last longer than the folding wheelchair. 
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Figure 2.5: The custom (rigid) built wheelchairs 
 
2.4.2.2 Electric Powered Wheelchair (EPW) 
 
 Electric powered wheelchair is simply manual wheelchairs that had been outfitted 
with an electric motor. Power or electric wheelchairs provide the benefits of a manual 
wheelchair without the need of carer assistance, greatly improving your independence. 
Nowadays, EPW has many types or style rear, centre, front wheel driven or four wheels 
driven. Each style wheelchair has particular handling characteristics. 
 The user typically controls speed and direction by operating a joystick on a 
controller. Conventional position sensing joysticks (PSJ’s) provide access to EPW’s for 
many individuals with disabilities, but some people do not have the motor skills to 
effectively operate a PSJ (Cooper, 2000). For the forward movement, the users can control 
easily, but when driving the wheelchair backward many users of electrical-powered 
wheelchairs encounter difficulties. The EPW reverse instability may be caused by a number 
of factors including the user, environment, speed, and front caster orientations (Ding, 2004) 
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Figure 2.6: The electric powered wheelchair 
 
2.4.2.3 Sport Wheelchair 
 
 These types of wheelchairs were designed in order to be used in sports, such as 
tennis, basketball and athletic. These chairs may be used by people with good upper-body 
mobility. However, there are some devices that help people with an upper extremity 
paralysis use a sport wheelchair as well. Sport wheelchairs are not generally for everyday 
use and are often a second chair specifically for sport use (Kulig et al., 1998). 
 The design of a sport wheelchair varies between the purposes it is used for. There 
are specialized lightweight wheelchairs, such as court, races, tennis, skiing, hand-cycle or 
beach chairs. They are highly specialized equipment built for exclusive use in a particular 
sport. Depending upon the activity, the wheelchair might be geared for speed or strength. 
Sports wheelchairs are streamlined in design and must be rigid for strength and stability. 
They are adjustable, but since they do not fold up, they can be difficult to transport. Their 
lightweight properties make them responsive and easier to propel, which also helps athletes 
avoid wrist and shoulder injuries. 
 
